Interactions between the constituents of a condensed matter system can drive it through a plethora of different phases due to many-body effects. A prominent platform for this type of behavior is a two-dimensional electron system in a magnetic field, which evolves intricately through various gaseous, liquid and solids phases governed 
The different phases of a two-dimensional electron system (2DES) in a magnetic field. At zero magnetic field (bottom panel) the electrons are described as a weakly interacting Fermi gas with a well-defined Fermi surface. In the half-filled lowest LL, e.g at filling factor ν =1/2, the electrons reduce their mutual interaction by attaching the two magnetic flux quanta, resulting in the emergence of new particles, so-called composite fermions (middle panel) [2, 3] . These particles form a Fermi surface at ν =1/2 and move in an effective field B eff = B − B ν=1/2 giving rise to magnetoresistance oscillations known as the fractional quantum Hall effect ( Figure 2 ).
At even lower filling factors, a Wigner solid, a crystalline phase of electrons arranged by the repulsive Coulomb force and another manifestation of many-body correlations, becomes the ground state, which can be formed either by bare electrons (top left) or composite fermions (top right).
A magnetic field B applied perpendicularly to a two-dimensional system modifies its density of states by arranging the charge carriers in discrete Landau levels (LLs). Additionally, the Coulomb interaction acting on the magnetic length scale l B = /eB can be tuned by the magnetic field, causing the high mobility carriers to evolve through various correlated phases [1] , see Fig. 1 .
In the lowest LL the Wigner phase competes with the liquid phase and manifests as a large magnetoresistance peak around or below ν = 1/3 [5, 8] . Thus the electron system, when moving from ν =1/2 to lower ν's, has to undergo a reorganization of the ground state between the picture of composite fermions describing the magnetoresistance oscillations around ν = 1/2 and the bare electrons forming the Wigner solid at smaller ν's. An alternative concept for such a regime is the realization of a Wigner solid formed by the composite fermions ( Fig. 1 , top right) -an idea that was put forward in a number of theoretical works [9] [10] [11] [12] . Recent experiments focusing on GaAs-based 2DES have been gradually accumulating evidences pointing towards the realization of CF Wigner solid [13] [14] [15] [16] [17] . Here, we study the magnetotransport in a ZnO heterostructure (see Methods) in the magnetic field region between the CF liquid phase formed at ν = 1/2 and the insulating phase appearing at higher consistent with previous results [7] and, in addition, developing minima are observed at ν =9/5, 12/7, 9/7, and 6/5. Furthermore, up to six fractional quantum Hall states are observed on both sides of ν = 1/2. Close inspection of the transport around ν = 1/2 reveals a distinct asymmetry; R xx maxima between fractional quantum Hall states for ν < 1/2 are much larger than those for ν > 1/2. This increase becomes increasingly dramatic between ν = 2/5, 1/3 and 2/7. Such a high resistance phase between ν =1/3 and 2/7 has also been observed in GaAs, and was interpreted as the electron Wigner solid pinned by disorder. Two mechanisms have been identified for the appearance of the Wigner solid around these filling factors: one is the Landau level mixing, which modifies the ground state energies of fractional quantum Hall states and Wigner solid [5] ; the other is short range disorder [5, 18, 19] . Both mechanisms are distinctively more pronounced in ZnO-heterostructures than in GaAs [6, 20] , and the ZnO system is, therefore, ideal to access the competition between liquid and solid phases in the fractional quantum Hall regime.
In Fig the disorder landscape ( Supplementary Fig.1b) . Thus, the trace of a Wigner solid appears already in IP1 between ν = 3/7 and ν = 2/5, whereas a larger R xx and I-V non-linearity at IP2 and IP3 indicate an even more pronounced Wigner solid.
IP1 represents an interesting region. While it shows the features of an emerging Wigner solid, it is at the same time a part of the R xx oscillations caused by the composite fermions' orbital motion in B eff , and therefore can also be attributed to the liquid phase. Therefore, we now analyze the CF mass m CF around ν = 1/2 from the temperature dependence of theR xx oscillation amplitude by using the Lifshitz-Kosevitch formalism (Supplementary Information). Figure 2b displays m CF around ν = 1/2, which extends the linear dependence of m CF on B to higher field [6] . More noticeable is the excessive increase of m CF over the linear trend when the 2DES approaches the insulating phase IP1. The mass increase can be interpreted as a signature of the underlying particles becoming more inert due to the formation of a solid phase. This is then in agreement with observing the traces of the Wigner solid character at IP1, and more strongly pronounced Wigner phases IP2 and IP3 at higher field.
Since we cannot assume the coexistence of electrons and composite fermions, as it would require a simultaneous existence of two gauge fields, the dual character of IP1 and IP2 has to be consolidated within the model frame based on either electrons or composite fermions.
Because of the multiple experimental evidences for the validity of CF picture [1] , it would be more natural to treat the transport anomaly in ZnO around ν = 1/2 with the composite fermion as an underlying particle for both liquid and solid phases. Another factor favoring the Wigner solid formation from composite fermions is the residual interaction among composite fermions. Indeed, the logarithmic temperature dependence of R xx at ν = 1/2 shown in Fig. 2c points towards a residual CF interaction [2, 6, 21] .
The transport properties discussed above change dramatically when the sample is rotated in the magnetic field, that is, when an additional field component is applied parallel to the 2DES. Since the electron spin susceptibility for this structure is about 2, the opposite spin orientation branch of the lowest LL lies energetically high and is not populated. Thus the spin effects are not anticipated to play a role for the discussion below. serves as a sign of the CFs becoming more strongly localized. This is consistent with the growing insulating character of IP1 and the shift of the Wigner phase towards higher ν's with increasing θ.
Finally, the enhanced CF interaction with an added in-plane field also becomes apparent at ν = 1/2: Figure 4 presents the temperature dependence R xx at several θ's and shows that the slope of the logarithmic temperature dependence increases with θ. The slope at each θ reflects not only the CF residual interaction but also the melting of Wigner phase penetrating to higher filling factors with increasing θ. The resistance decreases with increasing temperature indicating a residual interaction between the composite fermions at zero tilt angle. The slope becomes more pronounced at higher tilt angles,
i.e. a stronger in-plane field, and points towards a more robust Wigner solid phase.
In order to further address this in-plane field induced stabilization of the Wigner solid we now analyse how much the in-plane field squeezes the electron wave function, as it effectively enhances the Coulomb interaction and can affect the transport properties [24] [25] [26] . In zero in-plane field the wave function of the heterostructure is about 10 nm wide. At θ = 50
• it is squeezed down to 2.6 nm at B ⊥ = 12 T, representing the region ν > 1/2, and down to 2. Our experimental data show that the electron system enters an unconventional correlation regime, which reflects the character of both solid and liquid phases for ν < 1/2. One interpretation for such regime can be the formation (melting) of the Wigner solid upon increasing (decreasing) the magnetic field, where a composite fermion would be the underlying particle in both phases. In such a regime, the particles can form a hexatic phase characterized by bond-oriented nearest-neighbor ordering, while the phase transition obeys the KosterlitzThouless model [27] [28] [29] [30] . In another scenario, a transition between the liquid and solid phase in a two-dimensional system can be accompanied by the appearance of intermediate phases,
such as microemulsion phases associated with liquid crystalline phases [30] [31] [32] . It appears unlikely that the magnetic field regime with dual character can be modeled by assuming the co-existence of electrons and composite fermions, as it would then require a simultaneous existence of two gauge fields. Our experimental results are interpreted within the composite fermions approach, which has recently attracted renewed attention from theory predicting that the composite fermions can be Dirac particles [33] [34] [35] [36] . This also introduces an exciting perspective for ZnO studies. Our experimental results sheds the light on the composite fermion paradigm in a system distinct from conventional semiconductors and also on how the charge carrier system translates between liquid and solid phases.
Methods Sample
The sample under study is a MgZnO/ZnO heterostructure with a charge carrier density n = 1.7 × 10 11 cm −2 and a mobility µ = 600, 000 cm 2 /Vs at the base temperature of our dilution refrigerator T = 60 mK.
Tilted-field magnetotransport The sample is mounted on a rotating stage allowing insitu sample rotation in the magnetic field. The tilt angle θ is determined acurately from the shift of R xx resistance minima of the well-known fractional quantum Hall states.
